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Objective, Complemeni has been repeatedly ini- 
pJicated in (he pathogenesis of rheumatoid arthritis 
(RA) based on studies showing reduced levels of native 
complement components and increased levels of com* 
piement metfifaolftes in plasma, synovial tluid (SF), and 
synovial tissue (ST) of RA patients. However, there is 
limited Information on local production and activation 
of key factors of the complement cascade In RA syno- 
vjum and their potential modulation by novel anticyto- 
kine therapies. This study >vas undertaken to character- 
ize the e>(pre&sion of complement proteins and receptors 
in RA SF and ST. 

Methoda, Usinfi in situ hybridization, immunohis* 
tochemistry< and Western blot techniques, we assessed 
the presence of complement proteins C3, factor B (FB), 
and C5b-9, as well as the expression of complement 
receptors C3aR and C5aR in rheumatoid synovium. C3 
and FB levels in SF were determined by enzyme-linkcd 
immunosorbent assay. Functional assessment was per- 
formed by examining the effects of soluble tumor necro- 
sis factor receptor (sTNFR) p55 gene transfer in the 
SCID mouse model of RA* 

HiSuUs, Complement proteins and receptors 
could be localized in all RA synovial specimens, whereas 

Supporlcd by ^tmm from llie German RcMArch Socieiy 
(DFG Mu 1383/1-3 and Mu 13«3/3-.3}» 

'Elena Neumann, PhD. Ingo H. T«nier. MD, Mariin fleck. 
MD. Murtin Judex, PhD, Frank Kiillinann. MD. JOi^sen Scholinericll, 
MP. Ulf Miillcr-Ladncf. MD: Univcraity of HcgcnHburfi, lltfgcnsburS, 
Germany; -ScOTI R. Bdrnum, PhD. J<wh tichols, BS, John D. fvfounu. 
MD, PhD: UnjverKrty of Alabihiiiu at i^irniinghiim: 'Srcffcn G«y, MD: 
Cenier for Exp«rimenlMl Rhcuinttlology. Univeruily Hospilul. Zurich, 
SwUzcilurtd. 

Dts. Neumann MnU Barnonn Curtlribulcd equally lo this work, 
AdUr<;KS correspD(td«ince and reprint rec|U«&(6 io UU Miilier- 

Ladncr, MD, Dc|>ariincnt of Inlcrnal Medicine I. University of 

Regcnshurfi. D-93042 Rcficnjihorfi. Germany. Is-maiJ: iilf.muoller- 

ladncrC<{/k]inikAjniwfescn^hiir2<.dc. 

SwbflniiKJd fur puh)ic«iion Fehruhry 6, 2001: ttceepicd in 

revised form Nuvembtr 26. 2001. 



In osteoarthricis (OA) synovium, only a fcv', single cells 
e\pressed complement proteins and receptors. No dif- 
ferences were noted in the concentration of C3 between 
RA and OA in SF; however, FB levels were markedly 
reduced fin RA versus OA SF. In RA synovium, in 
contrast to OA synovium, local expression of comple- 
ment factor and complement receptor messenger RNA 
was found throughout the various ST compartments, 
suggesting that activation of the complement cascade 
occurs in all parts of the rheumatoid synovium. More- 
over, C5aR expression was up-regu)ated following over- 
expression of sTNFR p55 by adenovirus-based gene 
transfer. 

Conclusion, In summary* local complement pro« 
duction and activation may play an important role In 
RA> and specific modulation and inhibition of local 
complement production could be an attractive therapeu- 
tic target for RA. 

Rheumatoid arthritis (RA) is a severe chronic 
disease characterised by inflammation of synovial tissue 
(ST) in joints, tendon sheaths, and bursae, which causes 
pain and dysfunction and ultimately leads to destruction 
of these structures. To date, the pathogenesis of RA is 
not fully understood, and treatment options are still 
limited to symptomatic and nonspecific immunosuppreS' 
sive therapies. RA is often refiarded as a predominantly 
T cell-related disorder (1,2), and, as in other T cell- 
driven processes (e.g,. experimental allergic encephalitis 
f3]), there is increasing evidence for an important role of 
components of the complement cascade in the patho- 
physiology of RA. In general, the complement cascade is 
involved in the induction and progression of inflamma- 
tion reactions and is a major defense system against 
various pathogenic agents, including bacteria, viruses, 
and other antigens (4-6). Inappropriate activation, how- 
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COMPLBMENT PROTEINS IN RA SYNOVIUM 



Tabl* I. Cltnicxl data on ilie piiiiisniK* 
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ever, can lead lo th&ut damage and manifestation of 
di5ieasc (4-7). 

Reduced leveU of native complement compo- 
nents and increased levels of complement meialiolites in 
plaRma, aynovial fluid (SF). and ST of RA patients have 
implicated complement in the pathogenesis of RA (8- 
19). The Gomplemeni components found in SF and ST in 
RA are thought to he derived from serum, synthesized 
by synovial mononuclear phagocytes (20), and/or the ST 
itself (8.16.17); however, iliiti remains controversial. In 
this study, we demonstrated that complement compo* 
nents and receptors are readily produced in situ in the 
Inflamed RA synovium. Using in situ hybridization, 
immunohistochemistry, and Western blot techniques, 
wc were able to localize the siies of complement mes- 
senger RNA (mRNA) expression in rheumatoid syno- 
vium. On the basiii of these results, the potential role of 
complement activation in RA is discussed. 

PATIENTS AND METHODS 

Tissue specimens. ST and $F i^amplcs were obtained 
from 5 patients with ostcOttrthrltis (OA) and from 12 patients^ 
with RA that met the revised RA criteria of the American 
College of Rheumatology (formerly, the American Rheunia^ 
lism Associaritin) (21), The tissue and SF samples were 
provided by Professor WcSKinghsigc (University of Regcns- 
hufg), according to the regulations of the local ethics commit- 
tee. Immediately after orthopedic arthroscopy or surgery, the 
tissue samples and the SF were snap-frozen in OCT TissucTck 
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embedding medium (Miles, Elkhnrl, IN) imd stored m -70**C 
Table 1 .show$ the clinical data on the patients. 

Preparation of riboprobev. Human C3 complementary 
DNA (cDNA) plasmid was linearized luing 11 or Xho i 
endonucleHScs (Promegu. Madison, WI) for generation of 
antiscnsc and sense riboprobcs, respectively. Human C3a 
receptor (C3aR) cDNA plasniid was linearized using A'/?^ I or 
Bgl 11 endonucJcases for generation of aniisense and sense 
riboprobcs, respectively. C5aR riboprobcs were prepared by 
linearizing a human C5aR cDNA clone, using Xba I or Ch 1 
cndoiiiiCl<jHSeS (Promega) for generation of antiscnse and 
sense riboprobes, respectively, hi vitro transcription wan per- 
formed using an RNA transcription kit (Promega) and T7 or 
SP6 RNA polymerases (Promega). Preparation of factor B 
(FB) riboprobes was performed accordingly, All experiments 
wc^rc^pcrformed according to previously described protocols 

In »ieu bybridi^atien. In situ hybridization using 
digoxigenin-labeled riboprobes was performed on S->j.m-thlck 
RA or OA samples, as previously described (24), Briefly, 
sections were fixed for 1 hour in 3% paraformaldehyde (pH 
7,4) and hybridiied for 16 hours at 50**C with riboprobcs 
diluted 1:10 in hybridization buffer (Fisher Scientific. F^ir 
Lawn, NJ), After hybridization, 3 consecutive washes at in- 
creasing stringency (final wash in 0.1 x saline-sodium citrate 
containing 0.]% sodium dodecyl sulfate (SDS) for 5 minutes) 
were performed ai 50"C. Immunologic detection was per- 
formed by incubating slides with anti-digoxigcnin alkaline 
phosphatasc-conjugaccd Fab (Bochringcr Mannheim, Indi- 
anapolis, JN)» followed by a BCIP/nitrobluc tctrazolium color 
.substrate solution (Sigma. St. Louis, MO). 

Immunologic detection. For detection of C3aR, C5aR, 
and CD45RO. sections were analyzed using the immunogold- 
silver techniCjue described by Roth et aJ (26). Briefly, sections 
were fixed in acetone and then blocked in 2% normal horse 
scrum to block nonspecific binding. Primary antibodies were 
diluted in \% normal goat serum/2% milk/0,05Af Tris buffer 
(pH 7.4) at 12 ijL^\ (for tissue) and 60 /ig/ml (for Cells). After 
immunohistochemical staining, sections were rinsed and fixed 
for «0 seconds (1/1<>) (Kodatlx; Eastman Kodak, Rochester, 
NY). The slides were thoroughly washed with distilled water 
and mounted in Gel mount (Bionicda, Foster City, OA). For 
doubic'labcling following in situ hybridization and for double 
immunohistochemistry, the alkaline phosphatase-anti- 
alkaline phosphatase method was performed using a commer- 
cially available kit (Dako, Hamburg, Germany). For alt immu- 
nohistochcmistry experiments, primary antibodies against 
macrophages (anti-CD68; Dako), fibroblasts (anti-prolyl-5- 
hydroxyUse; Dako). activated lymphocytes (anli-CD4.5RO; 
Dako)> and terminal complement complex (TCC) (anti-C5bwtJ; 
Dako) were used. 

Western blotting. SF samples obtained from RA and 
OA patients were immediately frozen and stored at -7(rC 
until used. Samples were diluted 1:1 in reducing SDS- 
polyacrylamide gel electrophoresis loading buffer (125 mAf 
Tris. pH 6.8, 4% SDS» and 20% glycerol) and denatured by 
heating at <J5X for 5 minutes. Samples were cicctrophoresed 
in SDS-polyacrylamido gels, and proteins were trans- 
ferred to a nitrocellulose membrane. 

For the detection of 03 and FB, blots were blocked for 
1 hour at room temperature in phosphate buffered saline 
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Fifiur* I. Complement proic.ns m syniivml specimen!*, Inlcnsivt expression of complement proicin C3 mRNA (bifttk M»inine) araund 
rheuniatoia anhriUi. (RA) synovi-j m.crOvasculaturc (,oli<i „rrow). haJ ihe hifk of C3 expression in the Ifnimi Inyer (open «rn>w) In Mlu 
hybndi2aii0n. «ntisonKc probe (RA06; original magnification X 400). b. High-power field of a scrjiil tecHon of ihe «pocimen lihown in A. Noie the 
mtcMiVo expression of complomem protein mRNA (bl«ck mMulngi near ihe vessels. In miu hyhridixution, aniiKonw prohc (oriAhml 
magmficuiion X 8lH>). c, Seruil ,.<jcn<>n of ihc specimen UNcd in «. In i.J<|iiion U. Ihe C3 mRNA expression mmnil (he .nierovj,s^)ulature. nameroos 
fibroblHst- and m«Crt)ph«gc-like lc\U ihroiifthokii the synovium cxptt^ii, th\^ complcmenl proiein. !n situ hyhfidi^iUUm (bJack Staitims), untiscnse 
probe (erigma! ma&nif>Carjon x 400). d, Limited expression of complement proiein 03 mRNA <bUck nAiniixg) in OHICOurlhrlii& (OA) synovium in 
aau hybndization, andsien^e probe (OA03; original nuicniilcaiion x 400). v / / • 



(PBS; pH 7.5) containing 10% (weight/vo[unne) nonfut dry 
milk, washed, and either polyclonul rahbit aiUi-C3 or FB 
antibodies (1.2 Mfi/ml; Quidcl, San Diego, CA) in PBS con- 
taining 0,1% Twccn 20 (volume/volume) and }% nonfac dry 
milic (w/v) were added for 1 hour ut room temperature. Blots 
were washed and chen treated with a 1:5,000 dilution of a 
peroxidasc-conjugaied unti'rabbil IgG secondary antibody. 
The secondary antibody was detected uiiing an enhanced 
chemihimincsccncc detection kit (Amersham Canada, 
Oakville, Omorio, Canada). 

C3 and FB Enzyme-linked immunosorbent AitSAys 
(ELISaji). The levels of C3 and FS were determined using a 
previou&ly dCJiCribcd ELISA (27,28), The C3 assay detects C3 
and C3 activation fragments including C3b and C3c, while the 
FB iitAtny detects FB and ihc FB activation fragment Bb. Aii 



k^^ays were run with a standijrd curve, nonspecific binding 
conifols, and interna] Jtiandards lo ensure accuracy and repro- 
ducibility. All samples were run in duplicate, and the results 
arc cxpres.sed as the mean of duplicate samplcji, 

SCID mouse experiments. CeU culture. Culture of 
synovial fibroblasts wu$ performed *is described recently (20). 
Briefly, following cn2ymatic digestion, fibroblasts were grown 
in Dulbccco's modified Eagle's medium (Blochrom, Berlin, 
Germany) containing heat-lnaciivated fetal calf itcrum 
(Cibco Life Technologies, Grand Island. NY), 100 vinits/ml 
penicillin, and streptomycin (PAA Systems, Linz. Austria), and 
cultured for 4 passages at 37*C in 10% CO3, The synovial 
fibroblam were i&tatned for fibroblaBt marker<i by immuno- 
histochemistry. More than 95% could be stained positively 
for the fibroblast enzyme prolyl 4-liydroxylase. und none was 
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Figure 2. laxprcsKion patterns of OiftNA for camplcmcm vccofHOrs C3aK unci C5»R. a, C3uk m)^NA in rhcumiifoid artbhcis (RA) synovium 
(paiiciil ftAOS). lixprcKKUin of C3aK mRNA (black liCitiiiJiie). showing ;t piincrn tliftcrcni from [haC of C3, with ihc mofil iniensivc cxprcsiion 
adjHcent to fimul) inflnmc<l infiltrutCK. In Kim )>ybridizai«vn, nnllscnsc probe (orifilnnl magnification x 3(X)). b, Con(rol licciion using C3aR Ktjnsc 
probe, fllusifrtliAjji ibe Hpetiflchy of the probe by »:howiin< low baukgiound (oHgirii)! n^M^nificaiion >^ 301)). c, Cotiipkniem proiein C5aR mRNA in 
RA yyiHWium (patient RAIW), lA(Ctt«ivi» exprciMion of C5»H niUNA (blHCk stjiininfii). shoeing U palWrii diffcrcni from lhai of C3 but fiimiUr |o 
OitR, ^\\h The most inCctisivc cxprcM«ion in und around InflumcU infillralCM. in KJtu hybr(di7£inon« aniisenitc prubc (orljinKl ttiagnificHtion x 600). 
d, High-power Held of » C5i»R mRNA-pojihIve sirea wiihln RA synovium. Noie liie inlonKivc cxprwiwUm of C5aR niRNA (b)ock mining) in 
fibroblast-like cells (arrows) neitr thts infliiined Infilirmes, In *hu hybridizatioji, ikniiiienife probis (original m*ij»nificuiion X 8l)0). «, L«ck of cKpre^Tiion 
of COmpbniCnl protein C5aR mKNA (Mack jstaininji) in ostoonrlbriliv (OA) synovium (pwionl OA45). In %Uu hybridism ion, antisensc probe 
(original magnificstiion x 2(X)). 



positive for the macrophage miirkcr CD68 Or the neutrophil 
marker Gathepsin G (results not shown). In addition, testtng 
for mycoplasiitiA contuminutiou was perft^rmect routinely. 

Transduction, The synovial fibroblasts were transduced 
with Ad5sTNrRp55:lg as recently des^cribed (30). For adeho- 
viral transduction in vitro, 4 fibroblasit populations from pa- 
tients with RA were grown H> 80% confluence in ^-wcll plates 
(5 X 10** cells per well). The cclls were washed and Chen 
transduced with 50 niultipliciiies of infection of 
Ad5fiTNFRp55:Ig. Production of soluble tumor necrosis factor 
receptor (sTNFR) pS5 was confirmed by ELlSA (R&D Sys- 



terns, Wiesbaden. Germany) prior to implantation (i.e., 48 
hours after transduction). 

impiantatioih Four-week-old SCID mice (n " 12) were 
obtained from a gcrmfrcc breeding colony (Charles River, 
Sulzfeld, Germany) und examined for mHCroscopic anomalies 
before and during surgery as well as for macropathologic and 
hisiopathologic abnormalities after being killed. On the day Of 
implantation, normal human cartilage was obtained from 
nonarthritic knee jointsi of patients undergoing routine 5iurgery 
at the University of Regen.sburg. Implantation of fibroblasts 
and cartilage was performed under .^tcrilc conditions using the 
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KI|>uro 3, expression pMliern!* uf inRNA for complenieni rcceplOrs C3hR iii>d C5;iR. A-d, Hifih-powcr fields of C5aU and C3aR mRNA-positivc 
uresis within RA synovium. Doiible-lHheliiig dctcnnirtcU C5aR mRNA-cxprcssing (bNck vtaining), 5-prrtly1-hydr<wy1i»se+ (red fiCAininet arrows) 
fibrObliistK {a)i C5nR n\RNA*«CXprOS:;ing (bUck «tainiiifi) ccllx txfii fouDd Udj^iucnt k> CD6d-»- (red Aiaining. arrows) macrophages (b). Conversely. 
C3aR niRNA (black itaiiiSh£) i$ catprOSi^cO by numcrouK Cl^^ili- mucropb^tgcs (red staining, tivrow«) (c). und nctivulcd lymphocytes (rod xuinrng* 
ikrk-n^i) (tf). (OriKmnI mHgnificMlion X 41)11.) 



novel "inverse wrap" lechnique {,'^0), Using I mouse for each 
inipJum, each oxpcnmcntal group (i.e.» sTNFR p55- 
transduced fiyuoviul fibrohlasis. LacZ-iransducccJ synovial fi« 
brobiasts, and mock-criinj^duced synovial fibroblnsEji) conjijjited 
of 4 mice, each implanred with synovial fibroblastii from 4 
different palicnts. After 6(1 days, the mice ^vere killed, and the 
implanw wore removed and embedded immediately in 
TissucTek embedding mediimi (Miles), snap-frozen, and 
Morcd at ^KY^C prior to histologic and immunohistochemicai 
analy^i^ for C3aR and C5aR production using the 
immunogold-aiilver mothod (ncc above). 



RESULTS 

Complement proteins could be detected in &li 
RA synovial iipccimcns examined. C3 niRNA was dem- 



onstruied most sirongfy around the synovial microvascu- 
Ulure (Figure la), ^showing the highest density cloiiest to 
vessels (Figure lb). In addition, C3 mRNA was synthe- 
<ti2ed by numerous fibroblast- and macrophage-like cells 
in the sublining (Figure Ic). In contrast, examination of 
O mRNA in a repreisencative OA synovial specimen 
revealed only a few, single cells expressing this comple- 
ment protein (Figure Id). 

Interestingly. mRNA for C3aR and C5aR 
showed an expre&iiion pattern quite different from that 
for C3 mRNA- C3aR was not detected in cells forming 
the terminal synovial vessels but was expressed by 
perivascular cells adjacent to small inflamecl infiltrates 
(Figure 2a). Figure 2b shows control section using the 
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Kigurfi 4, CxpretJsion pulttrn!; of UcioT 0 (1-13). >», IntcilNive expression of coniplemeni piDtcin PB mRNA in RA synovium (pwticnt r<Al i). Noie 
the pHttcrn, which in similar lo that oi C5nR, and the cloMCfOd KB m UN A-cxpro^MOg CclU. In 5;iiM hyl>ri<1i^.4)tiuii, Hhti&cnsc probe (orlgin.^l 
magnlfiealion ^ (MX)) D, High-power field of an Fli tnRNA-posiiivo hjch wiiJiin RA synovium (paticm RA09). Nolo Ihc inicnsivo oxprCrsjiiOn of KB 
niRNA (bi«ck tftainEntf) in m;«crOphu|Ke/nicmaLyle-liku «K w«H m some fihrubUiyl-like (MilU. In itiiu hyhridii£»Lioii. iiniiiMinM: probe (pMiii^tn RA09, 
ot ifiinul mikgnifiCMlion X KtH)). c, TcrmihUl CumplcmciU complex C5h-9 In RA Synovium (pHticni RA04). Jnienslve expression of C5b-V around ihe 
TtiiCrovastiiilHtiirc. ^imiliir lo Ihut of C.). ImmtinohiKtuuhcmiKiry (blACfc .iliinine) (orisirtill mMfinificuiiort x £{(J0}. d. Hi^h-pO^vcr fields of a 
C5h-9-puiiilive aren within RA synovium. Dotihlc-liihcltng shows: C5h~f> depuRibt (r«d N(«inin|[, alkulinc ph0!^prtat»fic-anti-&lk4linc phosphatase 
icchuit^uc) near or suiroundcd by ftcu'Viited lymphoc^ici: (Mnvk sCaiiiinie, immwftOfiOld-silver icchnique) (ofi«iniil ousnificjilion X 400). See Figure 
2 for <»ihcr defii)iiii»nN. 



C3aR sense riboprobe and demonstrates low back- 
ground staining. Similarly, microvasculsituie and 
perivai^cuiar cells .showed very limited expression of 
C5aR mRNA. In conuast. cells near inflamed infiltrates, 
especially fibroblu^t-'like cei|$ adjacent Co these inflN 
irates (Figure 2c), sirongly expressed C5aR mRNA 
(Figures 2d and 3a). This pattern of expression was 
different from that of C.lnR-expres.sing macrophages 
(Figure 3c) and lymphocytes (Figure 3d). In a represen- 
tative inflamed OA synovial specimen. C5aR mRNA 
was nearly absent (Figure 2e). 

The expression pattern of FB resembled that of 
C5aR, i.e.. FB was absent In the cellular componentit of 



the mtcrovasculature, but numerous clusters of FB- 
expre&sing cell.<; were obscived close to vessels (Figure 
4a). The cellular phenotype was macrophttge/monocyte- 
like; however, some cells expressing FB were also 
fibroblast-likc (Figure 4b). This pattern of staining was 
similar to that observed foi C3, The membrane attack 
complex, C5b-9» was readily detected around the micro- 
vasculature in RA synovium (Figure 4c) » whereas In OA 
this TCC was absent. Double-labeling revealed that high 
amounts of C5b-f) were preiient predominantly close to 
or surrounded by activated lymphocytes (Figure 4d). 

In addition to examining for changes In cellular 
expression of complement proteins, we analyzed $F for 
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KiRurc 5. Facior \i (FB) ac^^adnx'ton fjhfiincrtis in ihciuniiioiJ iirlhri- 
tis (RA) and osictmrihrilis (OA) iiynoviai fluid (SF). A, Auiorailio- 
graph of Wc>!iorn Wot probing for in SF of piirjoiiiti with RA. 
Shown arc blots froin rcprcJiChlStivo intjividuaiji and the position!; t\f 
moloculiir weight markers wnd purified Fli. B, Sumtf ms A, cxc«pl Si- 
from pHTitJiiTK with CM ix Nhown. 



changes in the levels gf the complement activation 
components C3 and FB. For these studies, SF was 
analyzed by ELISA and Western blot. No difference in 
C3 protein concentration was Reen between RA and OA 
samples, as determined by EUSA (average 82.6 versus 
78.5 fAg/ml respectively). In addition, there war no 
apparent difference in the C3 banding pattern in RA 
versus OA SF (results not shown). In contrast, FB levels 
in RA samples were significantly lower than those in OA 
samples (average 28,3 versus 47.8 Mg/mi), as determined 
by ELISA. Western blot analysis of $F showed a greater 
degradation of FB in samples from RA patients (Figure 
5A) versus OA patients (Figure These data sug- 



gested thaf the lower FB levels rn RA synovium may be 
due to greater proteolytic degradation. 

Functional analysis of complement expression in 
Che SCJD mouse model for RA revealed that, similar to 
findings in the tissue experiments^, RA synovial fibro- 
blasts did not express C3aR, In addition, overexpression 
of sTNFH p55 did not stimulate C3aR synthesis in the 
transduced RA synovial fibroblasts (results not $hown). 
In contrast, C*5aR could be observed in a few, single 
fibroblasts around the coimplanted cartilage (Figure 6a), 
confirming the findings in ST mentioned above. This 
expression was not altered by adenovirus constructs 
encoding the marker gene LacZ (results not shown). 
Interestingly, following sTNFR p55 gene transfer, C5aR 
protein expression could be observed in numerous fibro- 
blasts adjacent to the coimplanted cartilage (Figure 6b). 

DISCUSSION 

The findings presented in this report demon- 
strate for the first time the production of distinct com- 
plement components and complement factor mRNA in 
the inflamed RA synovium, particularly around small 
blood vessels. Specifically, wc found increased expres- 
sion of mRNA for C3 and FB, 2 key components 
involved in complement activation, in ST. The high 
cxprejJSion of C3 and FB mRNA in situ supports the idea 
that they are produced locally in RA synovium and are 
not plasma derived, especially because C3 and FB were 
also present in OA SF. and FB concentrations were even 
lower in RA than in OA SF. Our data also confirm in 
situ expression of C3, as previously determined by 
Firestcin et aJ (14). However, it is not clear whether the 
sublining lymphoid aggregates expressing C3 mRNA, as 
described by Firestein and colleagues (14). include 
macrophage-lJke cells similar to those we observed, or if 
they are truly lymphoid in nature. We would argue that 
the described lymphoid aggregates are probably macro- 
phages, because T and B cells are not ready sources of 
C3 production. 

The most unique finding of our study was the 
demonstration of increased expression of the receptors 
for the complement anaphylatoxins C3a and C5a. To 
date, no study has demonstrated whether local expres- 
sion or changes in local expression of the receptors are 
significant, despite numerous studies quantifying C3 
activation fragments and C5a levels in SF (10,11.13), 
Our findings would suggest that these complement 
activation fragments may serve not only to recruit infil- 
trating cells, but may play an important role in activating 
resident synovial cells as well. Additional studies are 
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figure 6. ComplfrmeiU expression in ihv SCID mouse mudtA of RA. a. lmrt)uviohi«tOChemicd] 
UfcmOnftlrtiiion of C5«R in RA jiynoviiil fibri)hiu«ls. Nolc the MmimCi «XprcsKion of C5iiR in «nly n 
few, single nKiCk-lrttiiKduccd KA synovial fibroblksis (arrdwii) dixtaint lo ihc COimpluntod normiii 
human carliln^c (C). b, Increase in C5aK cxprcssiion io rtumCrOus soluble lumor nccrnKis facior 
recepim* p.'t.S-irunisduced xynovtul fibrobliisu (nrrowK) ndjucoU lO the Coinipbinted norniul humiin 
Ciirnlnge. Se« Vigure 2 for detinilionK. (Orij^inal mu£nifiCHtU)n ^ 40l),) 



required to support this hypothesis, but the presence of 
the rcceptor-Iigand pair for both complemenc anaphy- 
latoxin receptors makes a strong argumenl for the ability 
of local complement production lo contribute to a 
vicious circJe of inflammation. 

Another novel finding of this study whs that the 
expression pattern of each complement component 



(e.g., C3. FB, C3aR, C5aR. and C5b-'9) was different in 
ihc RA synovial samples. For example. C3 mRNA v/asi 
synthesized predominantly around terminal vessels, in- 
cluding the microvasculature itself, while C3aR was 
located on macrophages and activated lymphocytes be* 
twccn the niicrovasculature and inflamed infiltrates. In 
contrast. C5aR and FB mRNA were found prcdomi- 
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figure 7. Schemulle Kumwrny of s\u<ly rCsuHs. C3 mftNA is exprc}(^<;t) nywl ^UOT\g\y rtroiiiid ihe 
siynuvjul microvasCulaturc synthesized hy fihrohlaKi- nnd mucrophHgc-likc m\k in the sublining. In 
contrnsl, C3mII C*»mR show an cxprcsjsion pjuiom quiie different from ihai of C3 mRNA. 
C3uft i« expressed by pcrivMSvul^r cells uUjHccnt lo sinall iofl^itieJ iiifiltiiites, whuiciiii r'ihiobli(i>l' 
like colls Slrongly express C5ak miKNA. The cxpiosision pattern of factor hi (TB) resembles {hiW 
of C5rtR, «b?(en( in the cellular component of \hc niicrovasculaturt, hwi [UimCrouK cUtstcrA of 
FB-exprgssing rriticritplutge-like and fibrohlasi-likc tells tun he !>ccn near vci^i^els. The mOmbrnne 
iiltuck complex, C5b-4, cun also be readily delected uroufld ihe iniCrovusciilature if* RA Synovium. 
Doublc-lithcling rcveak thai high itmuunls of C^h-^ arc prcACni predominantly cIokc 10 Or 
^urroinidod hy Mctivatcd lymphgeyio^. Sco Figure 2 for other dcfiniiioa>^. 



nantly In and around inflamed infiltrates throughout the 
synovium. The TCC, however, showed a pacicrn similar 
to that of C3. The significance of this apparent differ- 
ential distribution remuin& unclear, but it may reflect the 
level of tissue destruction and inflammation in a given 
patient sample, aside from other factors. Nonetheless, 
production and activation of complement appears to be 
a specific feature in RA rather than OA, since none of 
the complement components examined showed intense 
expression in OA synovium. 



In addition to complement gene expression, we 
examined SF both from RA and OA patients for levels 
of C3 and FB by ELISA and Western blot analysis. 
Surprisingly, we found that C3 levels were essentially 
identical in SF from both groupa. Given the inflamed 
nature of the RA synovium* we anticipated a lower level 
of C3 in this group due to degradation by numerous 
proteolytic enzymcb. However, the comparable levels 
between the 2 groups may reflect an increased C3 
synthesis in the RA synovium. The results of the in situ 
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Studies support this pOftKihitity. As assessed by Western 
blot, there were no significant differences in the C3 
banding paitcrns between the sample^i from the RA and 
OA paiienis. 

In contrast to the findings with C3, wc obsei^ect 
that FB levels were - -50% lower in ihc SF of RA 
patients compared with that of OA patients. This» in 
part, is apparently due to increased degradation of FB in 
RA SF. However, we cannot rule out differences in FB 
synthesis in RA versus OA synovium, which may also 
account for the lower levels of FB we observed in RA 
synovium. The differential degradation of FB we ob- 
sei'ved between RA and OA SF samples was consistent 
for all samples examined and suggests that additional 
proteolytic enzymes besides factor D are involved in the 
degradation process. Long-term monitoring of changei; 
in complement proteins in SF of RA and OA patients is 
required lo determine potential mechanisms for the 
findings we report here. 

With regard to human di4>ease> the complemeni 
system has been shown to play a role in the pathogenesis 
of various immune-mediated disorders, including der- 
matologic, renaU neurologic, and rheumatic diseases 
(4-7). However, there is increasing evidence thai the 
complement system could also play an important role in 
the pathogenesis of RA. Many studies have Rhown high 
levels of complement components and active comple- 
ment metabolites C2, C3» C3a, C5a, and TCC C5b-9 In 
serum, SF, and ST (5-18). Furthermore* positive corre- 
lations have been shown between SF complement acti- 
vation (e.g., levels of plasma C3dg. a 03 activation 
metabolite) and local as well as general disease activity 
in RA (10,31,32), and between C2 and C3 expression in 
RA synovium and inflammation (14). Complement ac- 
tivation could be induced by immune complexes consist- 
ing of type n collagen (CH) and Cll autoantibodies (33) 
or by IgC and rheumatoid factor (34) in vitro. 

Similar mechanisms are activated by the in- 
creased release of histamine in response to C5a by 
synovial mast cells, which have been shown to bear 
significant amounts of C5aR in RA compared with OA 
(35). Assembly of TCC on cell membranes results in the 
formation of the membrane attack complex (MAC) 
(4-6,36,37). which can lead to lytic attacks on synovial 
cells and chondrocytes, facilitated by low levels of the 
membrane-associated inhibitor of the MAC proieclin 
(CD59) on synovia! cells (19), Since synovial cells as well 
as other nucleated cells are rather resistant to lytic 
attacks (4-7), the primary effect of the MAC in RA 
appears to be sublytic attacks on the cells. This results in 
a release of reactive oxygen metabolites, prostaglandin 



Ej, Icukotriene and interleukin-6 from synovial cells 
(4-7,36,37), which may lead to enhanced DNA damage 
in rheumaioid synovium (3S) and Increased collagenase- 
specific mRNA expression by synovial fibroblasts (39). 
These effects are supported by low concentrations of the 
fluid-phase MAC inhibitors clusicrin and vitronectin in 
SF (i8). Of interest, the '*hot zone,'* in which comple- 
ment activation results in actual damage, appears to be 
the microvasculature, a fact that is illustrated by the 
intensive amounts of C5b-9 close to activated lympho- 
cytes in this area. 

Certain complement proteins may also contribute 
to joint destruction, Cls, which is increased by TNF^ in 
chondrocytes, is involved in cartilage degradation (40). 
More important, complement, in particular Cls in con- 
junction with matrix metalloproteinase 9, has a physio- 
logic role in remodeling of cartilage in the growth plate 
and in fracture healing (41-43), 

Findings in studies using animal models of RA 
also support the hypothesis that complement is required 
for the development of arthritis. Wang et al (44) ob- 
served that in DBA/1 Laci mice with collagen-induced 
arthritis (CIA), systemic administration of a specific 
anti-C5 monoclonal antibody inhibits terminal comple- 
ment activation in vivo and prevents the subsequent 
onset of arthritis in immunized mice, and ameliorates 
established disease. Wang and colleagues also concluded 
that activated TCC play^s an important role in the 
induction as well as the progression and manifestation of 
disease. Moreover, C5-deficient mice do not develop 
CIA (45-48). Similarly, Goodfellow et al (49) showed 
that in a rat model of antigen-induced arthritis, intraar- 
ticular injection of soluble complement receptor 1 pre- 
vented the onset of and ameliorated established disease. 

Our data reveal that in the SCID mouse model 
for RA. which is currently used to evaluate the effects of 
various inhibitory molecules on cartilage destruction in 
vivo (29). C5aR expression is up-regulated by sTNFR 
p55 overexpression. Indicating that TKF-dependeni 
pathways in rheumatoid synovium may be linked directly 
to components of the complement cascade. We have 
previously observed that TNFoj induces the expression 
of C5aR on neurons in a murine model of bacterial 
meningitis (24). Moreover, the demonstration of C5aR* 
expressing synovial fibroblast-Iike cells similar to the 
immunohistochemical findings in RA synovium supports 
the hypothesis that "invading" RA synovial fibroblasts 
may be phenotypically different from "inflamed" RA 
synovial fibroblasts. 

In summary, we conclude that complement fac- 
tors and complement receptors play an important role in 
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RA, and ihat synthesis and activation of complemeni 
takes place at distinct sites within rheumatoid synoviumi 
as summarized in Figure 7, Specific modulation and 
inhibition of local complement production could there- 
fore be an attractive target for RA therapy, as illustrated 
by recent data derived from a C5-dcficient mouse model 
(4ft) as well as by an ongoing phase II clinical trial 
cxHmlning the use of anti-C5 antibodies in RA (50). 
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